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(57)Abstract: 

PROBLEM TO BE SOLVED: To measure the permittivity of a sample 
inexpensively and simply, dispensing with a network analyzer, an expensive 
measuring instrument, and without measuring the standard of the amplitude of a 
reflection coefficient by a metal plate. 

SOLUTION: This device is composed of a millimeter-wave source 1 for 
oscillating electromagnetic waves in a millimeter-wave zone, a polarizer 2 for 
changing the millimeter-wave into a linearly polarized wave, a sample to be 
measured 3, a detector 4 for detecting the reflected millimeter-wave, a motor 5 
for rotating the detector 4 on the axis of the millimeter-wave, a motor driver 7 for 
driving the motor 5 controlled by an operating device 6, and a preamplifier 8 for 
amplifying the signal from the detector 4 and for transmitting it to the operating 
device 6. 
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[#ifgt#©*8ffl] 

&©3 u«#-e©«*¥*ai5rr*55fiSfc*v»T, 

ftafcKftKS U«»K**««««J!a»Lfcl$©, « 
a^lSft- lz «fc 5 T E &cq K W ^ & £ T M & OS K £ 

£©a^£K»l::«fc*TE»©R|f*R£TMft©R» 

bur vtzmmtiKDmnismzM vTmrntemft-eoifem 
mz&wzm&&tt\ft<D%&£ : t<»J5tiL<Dm\z&im2 
nzmMm®g.£<Dm%fr£>^ »«s£itHK:<fc*TE8[ 

ttM£Ktt£JIM#U 

ftWKt-J-*. 1 KE*©5 Uttff7©M**M 

©«ft»&*aj£K»KJ!Mtu 
««jett»sE«bfc«aBi«©!ftfl[*«ai-t*«iaigd: 

LT. *©«ffi««K«S^#tt#**«ffl»£J8V>. 
Cl©*ta»K«t^TRI*jfe©«««[»a©itt«EJ««-tH 
iftgco) ©£8£l£# tmiOk 2 to ©ScStf£# «fc &Mfe U 

cns©aj£«[^e)*a^tt»^«fc*TE«©sitffi!c « 

*©TE«©K*tfc»£TM»©K»«ft£©Jfcji»S* 
Sl«tt»©W«**#ffl-r*3 U«»T©SMt¥W£g 

**stt»*»&R»bfc«a»©3ji**«ta'r*fc«) so 



2 

SWbfc«aft©jtfT*|Sltr^LTSia^ffl^T'©«ltii 
«K*tt*«*tt##fl©:#tt£*©#ffi©li*£fcffl3 

n^isiUMtcowi^e., «a5£tt»£«fc3TE& 

©R»ff*£TM«©EJW«R£©it*#«>. 
««3£ttWt«fc*TE&©R»«»tTMil![©K»«» 

t©it^6ttajett»©««**w-»-r-&«wiL^ai:^r 

«[©TE»©Rit(8ISctTM*©Ki*ff|Rt©Jt^6«[ 

mmnomnm&mmtzs. utt#T©»«*aj&fi 

* h<i& * ^a t, 
sttu/t«a»«fc:aiittiiirtT?*tij«si5HBS-a-*in 

R«tbfc««*©itfT#fifc#LTSitfcffil*iT!©*tii 

ttM£KftK:J:«TEtt 
©fi»«R£TM«©Ett«R£©Jt£*a&-. S^ir, 
*as&tt»CJ:*TEJS©S»ff*tTM«[©K»«» 

afe©TE«[©S»flSRtTM«©K»«»t©it35»6* 

ajttt»©««**i»ai-r*5 utt*T©Mm*a£« 
««eKHlclMM-*3 »j &#©*««*»£-*-**« 

«««©«JM*#£»l?^#©ffiffl3S£-£HRR<»T 

R»bfc««»©««jfi3l«©ifi[fllJ«»i:«*»ci)©S: 

K«bfc««afe©««ift3lflE©itfl(El««-t»«»ci)©X 
2 eo ©&*&#£©««]&» 6. «aj£tt 
»CJ;5TEIt©RWffS:iTMtt©K»ffftioJtS 

set, *asett»cj:*TEai[©R»«»tT 

M*©K»f&R£©ita» 6*«J&tt»©fl***W-J|[-r 
SiSIfgittS ci £ S8f«£T * 3 'J &ff 9ttt*a 
SSI. 
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5 uftsfflfflUfc-^T-ATtt/fl-rsftaumttHajB 

CO 0 0 2] 

[«e*©8«] ««#©suafe#T©»«**aijtr'5 
^sro-aiLi, &aa2raffi#jasftTn*. £©# 

«»©fi«a^ffi«ss««je-r**js (Mffitm, vo 

1.18, No. 10 (199MO p. 47) EI**©ftflMS:fiF$fc 

as«*t*ai-r**ffi (n^mmmm^mxtz b-2. 

Vol. J80-B-2 No. 10 (199730 p. 906) ftT 

[0 0 0 3] £©3 5j|ft#©B£AI#afltT?©R»fli» 

M r =- j • (A(j • r • Zq) 
e r =- j • (Aq • r) / ( 

*IUJ&tt»*«*«tt#: (/ir='l) ©*^KH, (2) * 

£ r =- (Aq • t/2 7C) 2 

«»J&K»jW8tt#: (#r*l) ©«££ fi. 2o©S 

tesiwzH >tf-y>xT^-n^*n©iii|£f©-f >tf— 

>tr-^>xte*se»**». (2) sc 
a> & r«« £n-ir -man 

[0 0 0 5] b*bft3&»6t©*at-Ctt, Kltf&gC©S 

«t«£ilil«iJBT*4ii#WP*«. -© 
*fc*W:£l^£H-©ffi»©£JPl¥«K:«fc*Ett«R 
R = R ' {l-exp(-j -25)} / { 

6 = 2k&/ { A 0 • (£r-sin2<9) 1/2} 

R* fi, *aS£tWfcB8ttT*««»#TMiS©«£, 
R' = {e r • (£ijr-sin20) 1/2— ggr • (e r 
-sin 2 0) 1/2} / {£ r • (E B r-sin20) 1/2+ e B 
r • (e r-sin20) 1/2} 

R' = { (£Br-sin20) 1/2- ( £ r -sin 

20) 1/2} / { (£ B r-sin20) 1/2+ ( £ r -sin 

2 0) 1/2} 

ms©asi£-m^«ift©Ai*ft«0, titrnfeRnom 
*fcf±*8J3ta^tras*-r-5sm&©^ftss^A 

T, -t*i-£ft©»£T?©x*;p*-Eit* (= I R 
I 2) SHjgU UT**J£KH 



[0 0 0 4] 5P«±©K»K»bT*«* 

(1) s:©«fc3i'*$n-5„ 

r= (Zi n -1) / (Zjn+l) • • (1) s£ 

z in= z C* (ZL+Zctanhr d) / (ZL+Zctanhr 
d) 

io r = j • (2 7t/Ao) • ( £ r • m r ) 1/2 

Z L :«aJ3eK»«iB©a»fl;A*'f >t:-^>x 
Z C : *«£ttH©i*H:-f >\Z-?>7> 
r : &MfeUft<D&1&l£%. 

d : ®ateim©jp£ 

A 0 : *2fc*5tta*«ift©afefi 

(2) ^©^trstsnso 

/ (27C) 

2 k • Z C ) • • (2) at 

3Kj£tt#C© (3) a;<D£oizffimzfcz>o 
• • (3) SC 

mxmmz^^m^m^m<Dmm^LS<D-rtiami^m 

[0 0 0 6] f*fflSft^TO:<t5 2o«)©* 

ftT**R»#©ftgtt#*fcttEit*©ttl6H»*tt# 

30 tt, (JtM«* £ B r > ©-tfcJtWt* £ r © 

^©*««©SWff»R««, (4) 5$ 

©*£A»A*e, k*w*cl mmmwrna [h 

4"T©^iS) ©HRtbT^tSftSifcSfiJffl-r*. 



1 - R' 2 ex p(-j -25)} 



(4) j£ 



©it^*^sr^jiiT-2.o fib. uncomfrz^z-zm-s 

[0 0 0 7] :0<t5l;, u©MTHl*)^-Slt 
ff^fefelC, *a£tt»T* *«*#©£»*© A** 
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izmitmvxz 2 n&mw-WL&mmmm 
$>v. s 

[0 0 0 8] 

&tzffi%\zmi<DmnmzmfeTZz>j}&Rzfmw$:m 
#t-r z. t z&mmmm t -r s = 

[0 0 0 9] 

3«&&&!S»bfcli#©, W&UM\z^TE'^K 
Pt\Z <fc 3 T E &©Sfcf«&<5: T M$L<DKm&WL iKDitfr 

[ooio] *%wk, mmnmm^ m^m^<D^ 

mmzMmikw&tf&z>tkm%&m^\ K^Ltzmmm 
<Dmft^faizttisxmw.temftr<D&iiii$&\z&ttz>{mm 
&ttfa<Djj&t^<n%&<Dm\z&ft2nzmffi.m&m. 

[ooii] wtmnmmwm$iT& 

mmzmm&.wmt&z&ftm&m^, Kmvfznmm 

(DmfrUfa \ztt b TSifi&ffirtT©&{US§ £ £ zm®. 

&&ijfa<Djj{tLt^<D^&<Dm\zWiMt<nznM&&m. 
£<Dm&frz. mtfem.mz£z>TE&<DKM&$k£T 

[0012] *fc*sswi, Mte«a«^ nfti&ftt 
mRi£tt<D{iLteMtf~fem$i$ccDTmMm\z^t-?z>m 

m»K:«fc^TR«a©«a»n«<oa[atj«»t««[ft<» 

©32^j£#£^lfc2 co©£diti^<h££i]£U 
©Sl3ttt*» £ &StesS ftK <fc & T E $L<DK t T M 
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[0 0 13] Sfc*36Wtt; ttHJtttHfcJBWl/fcS 'J 

io temto^<D&mmiz&ifzm&&&*fa(DjjtiLii : t<Dj3 

&K£STE&©JK3^&<hTMfe©SSt&f5c£©it£ 
#». 3<=>fc. «Si3eK*BHcJ:aTEift©S»fR»d:T 

[ooi4] &fz*%wtz, famfeizmizmMisfz^v 

e^Si, Sit LfcW*0*ff^rrtIlC#UTail[&lf 

i-STE&WMW^iStTM&WSW^Ri©^^* 
». SSK. *«j£tt»K±«TEjfc©RlfffR < i:TM 

[0 0 15] Sfc*f8W«. *»£K»fc!l8l#U;fc5U 
ift#H»**««[©TEift©JEWff»:i:TMjftOS*t« 

t, SWbfc«^©*m&^S©iloitfig»t^iSSca) 
€K»^J:STE»«>fiSt«»i:TMtt(OK«t««:i:© 

jt^**. se.iw. feai|^a^^ct?>TEis©sw^ic 

[0 0 16] *«9IKJ:*K«*ai«ftK«U. ^©H 

s*tt0rra. (Jtm«^a B r) <D±\zttm 
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(5) 



8 



{ 1 — exp (— j 



*© (5) mAe.ns, 

R=R' 

6 = 27td/{A 0 - ( £ r -sin20) 1/2} 
R' «, «a£tt»KB8»-r*««»*«TM*©«^. 
R' — { b r • (egr— sin2#) 1/2— g g r * ( £ r 
-sin 2 0) 1/2} / { £ r • (£Br-sin 2 0) 
r • (£ r-sin2e) 1/2} 



25)} / { 1-R' 2 eX p(-j • 26)) (5)5* 

R' = { (£Br-sin 2 0) 1/2- (s r-sin 
26) 1/2} / { ( £B r-sin20) 1/2+ (e r-sin 
26) 1/2} 

£fi TM&CDSW^fcRTM^> 



1/2 + 



R TM= I R TM I • exp ( j 



TE Rte*. 



io 

• <pte> 



(6) 5£ 



(7) 5£ 



RjE= I R TE I • exp ( j 

tit, ;m&Ki*«ft©ifc*#:© (8) 5ST5e«-r 

R TM/ R TE= I R TM/ R TE I • exp { j 
stan^ • exp ( j A) 
Z. © <fc 3 C T Mi£ t T E m<DK%m(Dlt ¥ £ A 

Stick D, 5 'J«#T©««*S»««fc 

20 

[0 0 17] 

©. VtASWjers^fttLT. tTF©#ffi£8U8L 

[fg i (D-$knmm *%w<Dm, 1 ©*ii©^i8£0 1 * 
»«"r*5US[«i, 5 ^^uummzt^umm 

mfe<Dmm\z-?^Tmwtz>. ^-xmrntKmrnx-m^ 

E = Eq (1 -cos2Y • cos 2 i/) + s in 2 ip • cos A • sin2¥) 
x {1+2 [a n • cos (n t/>) + b n • sin (n t/>)] } 



(<p TM -(p T E) } 

• • (8) 5$ 

j5®K>£fc\t£.W\<0iz4 5° Mfrvrv>«HMniE8 aS 
T*@0tr4 5° i^TV^i^^l/W?). ) ft« 

satttt-esif ufcs y «8 browMfcx^w^-saje 

[0 0 18] TM&©*ffl!«fl^»*:<!:&SIS©lft 
fflg§4©xWi#ffl©|lIfc#&£a*#&<hU £©»P 

*t0° 8 0° ©UtTMSffl^fflWI^t 

(d©B#, TEaiffl*tB«Wij|<&5) . Sfctf 
#9 0° *fctt2 7 0 0 <ORfKlTMJSO<ftffl*flE^*l< 

tz% (z.(Dm, TE&a&tummizmttzuz) , 
[0019] rat. ^aiSi4<75^fift^£^tii^4-e 

mt. 5fc©¥, A«rflJV*T#:© (9) SCT*r^£d*T 



(9) 5* 



(9) 5£fc£>tt-S> U+2 [a n -cos(rn/>) + b n -sin 
(nip)] } tt. Sit 3 U ft©*, *ffl8©«f<."«. 

sroiatet^tto 3 owttFflw^rti&o'^ffigggis© « 

[0 0 2 0] H 2 bT»S*« 5 mmOltt 

Lfcfc©£fflW l7i7-Mfil:6 0GHz«5U 
&£A*f£j«=6 0° TfAWUT, ^©MWS©«i&& 

(1/2) • cos-1 (-0) 
A=cos~l {0/ (1 -o2) 1/2} 
uCT, • c 2) 

a= (c 3 • d 2-d 3 • c 2) / (c 1 • d 2-d 1 so /3=(c3 



[0 0 2 1] ttffl»©^fift*£RS*5U«[a>««jftX 
JM^-E <h©M#£Iter * -tilip^tA 

l@4££n^#U n»»Ljk*n*ftC!)*flJ!*IT 
^ffibfcSSt* Uft8 b©x*;MP— SE i trst. 



d 1 -d 3 



(10)* 



1) / (c2 •dl-d2 
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• C 1) 

c 1 = 2 + a4~A2 
c 2 = b4~ A2 • b 2 
c 3 = 2 • A2-2 • a2 
d 1 = b4~ B2 • a 2 
d 2 = 2 - a4~B2 • b2 
d 3 = 2 • B2-2 • b2 
A n = 2 EE i - cos (nt|)i) /EE i 

fib. n = 0> 1 

B„=2 EE i - sin (ntM ) /SEi 
fib, n= 1 , 2 

S*ggB6te. |ftm«4€K»f5U«9b©*»»t@ 

t, 7U7>7 P 8£^bT&ffi§g*^©iiJ?3<>:£JKii 
U (10) ac!EoT?*J:tfASfHH,T. 
©»»Tffl^fc*ai3e»»T?Vtt7 2. 5 11°. AH 
8 2. 4 3 7° £<=,(;:, M^SB6tt, d©¥ 

*J:tfA*6 (8) 5C*«JS-r*ifcajgttS©lfcR** 
(sr = 3. 76 + 0. 1 8 j ) SrJfc&SC: 

[0 0 2 2] SUSIltbtlt ^«$ai^^fT'5^ 
&g:©5 U&£58£Ta*>©T&ntff5n?fc&<, 08 A 
tf. Gunn»t»ifcttGunn5Mait7^7 

fcT£3o \M.&Mifclz-?Z>M$.$& 2 t. bt, 09*. 

sec, *astt»KRa»-r**ifi©jifii 

[0 0 2 3] «ffi»4£bTH. R**ate^fT^^» 
§&© = U&©X*;l^— £tfctijT#5&©T&*Ui£ 
<. 09*. tf. ->a y h*- • /XUiT— • t*-A • >J- h* 

9-i 



fct)C#«s4n4. terns 4 

[0 0 2 4] *U»4©^ft*t5U«5SlK©H«** 

E = Eq (1 -cos2¥ • cos2tf±sin2i/> 
x { 1 +Z [a n • cos (n + b„ 
ddT. ±©;ti*f£firF©iID. 



(6) 

10 

• inrrsfc&ic. «iH»4*RWsujft©*ii©iaoK:ig 

x 7— i?&m ^ * d t lz «t o T S MM&OTTflB£ft* . 
[0 0 2 5] d©«K, d©55rj*THE»5'J*9b© 

«t*iB«©av^si)ti$©i9:«ffi«o-rtinj:*ais« 

7C/2*fctt3 7C/4£j^>&S£ttKWft<tt*. 

[0 0 2 6] 

so. suifctaaM-ssuaasi 1. 3uafc£H«« 
14. iftfflsss'jjfto^niHites-a-*^— ^ 1 5, 
ii 6tce^-r-&7 p u7>-7 p i s^snwcsn*. 

[0 0 2 7] £©£BSm>fcl»S©iBlJ£®B3K:tH>T 
^\ ««3ttt»TR*fbfc5U«l 9b©X 
*^*-ftH3&i-**ffl» 1 4 £LTtittftttMglCflnfe 

30 *»**ta:*l^©ttffl8 4<Dx(to&|AlOia(E*ffl[SSqs 

*{itb, coaeKrttstR»su*©jtff*rtifca 

S. -T&*)*>tf#0° *fcttl8 0' ©B$K:TM&©te 

bmrk#***:£&:9 (z\(Dm, TE&KD&mmmzsK 

ft-5) , Sfct|)A<9 0° ££1*2 7 0° ©9$KTM&© 

«m«a**at<!&:2» (c:©p$, TE&©teaj®«te«* 

iZtZZ) . ftffiSl 4©#&fti/>£te{fJ§gl 4 

T-teffi£*l3KWS'Ji£l 8 b©l^-EiOil« 
tt. 9c<DV, A£ffl^T#© (ID ^TS-Tdt^T 

§5. 



sinA • sin2^) 
sin(n^)] } 



r-j (Dm&imsfrzs.v&L&tzmQFiismo&'S 

(1 1) £K43l>-E\ { 1 +Z [a n • cos(n t/>) +b„ 
•sin(n*)] } tt. RW5'J««)tttttmil©^£>tt 

»*ffitt#tt**bfc«T?**. iot, teiij§§14© 



so 



• • (11) S 

Mii-tssts utti 9 box^ji^-Esajjeraz: 

[0 0 2 8] tttUSl 4©Mft^tI«5 Ujftl 9 b 
©x^;w^-e £84;rr -5 

* ck k> mftmzTp-r. mm® 1 4 ©sst 5 u sitt±T© 
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d 2-d 3 • c 2) / (c 1 • d 2-d 1 



(7) 

// 12 
:l9bOI^-ifEitn * * t, VRZfA\rA3$.\Z£K>mWT'ZZ 
¥ = (1/2) • cos" 1 (-a) 
A=sin-1 {±/3/ (l-a2) 1/2} 

r-j ©«^ 

a= (c 3 

• c 2) 

/3=(c3-dl-d3-cl)/(c2-dl-d2 io 

• c 1) 

c 1 = 2 + 84 — A2 • a 2 
c 2 = b4~ A2 • b 2 
c 3 = 2 • A2~ 2 • a2 
d 1 =b4-B2 • a2 
d 2 = 2 - a4-B2 • b2 
d 3 = 2 • B2-2 • b2 
A n = 2 EE i - cos (n ip i ) /SE i 
ffiU n = 0. 1 

B n = 2 ZE i • sin (n ip i ) /Z E i 20 
fib. n= 1 , 2 

M^SSl 6H ^tBggl 4*JR»SUiftl 9 b©ijfc*t 

Jj&i>t. 7*)T>zfl 8 **LT*W»*>6«[HAt 

(1 2) St^oTV*3j;t>*A?rfhS-r-5o 
S€>{3, !llgll6(t £©¥&£# At^<=> (8) j£ 

[0 0 2 9] '*&Jta#STtt. *ajEtt»KBawrs 

7E/4©ft*SMfg£g§l 2 t*ft*^toii-fct>0**«jR 
t?**. S^JfctWl 3-CKttl,fc5U*l 8 b©x* 

-f £0 

CO 0 3 0] iO*t, £©#i£Tl±EI*5'JiS©X* 

5 = 60 * sinco.t • • (1 3) S 

■T5tMft4 5° ©«fflS2 4T«ttic*ftSSUifeX ★*»2<o©af8fEJ5JE»E2a)H3fc«0 (14) ^©.fc^tl^ 

*;w=f-©aatj«»EDc<!:«jft*ft)OX8ij*»Ewt«* an*. 

Edc=C • 2 {l+tan2^+ (tan2v-i) J 0 («o> * 
Eo) = C • 8 tan¥ • sin A • J 1 (do) 
E 2 o> = C • 4 Qan2v- 1) J 2 (do) • • (1 4) 

let, J2fi2*©"Cyt;PH* 

CfiJtW^ft &IZ, do=2. 4 0 5©^ftrtiJo (do) % 0 <h&-5 

JO(10*©^7t;HIS ©T, £©B#. ¥&tfAli:&5£ (15) Ili^H-lTt 



• • (12) S 

»£rauffi«©£*¥«T©Rit*R£W£u -©& 
jRTSTojweitsffioTStwfrs^s^anri. -© 
Msi^i4wt^js¥«©ffitt©a^^aii^B#©^ 

[0 0 3 1 ] 

3 ©aissjejsi] i4ni3owi^tiT^ 
0. 7;w3x^A^<»f©#s«TSfl"^bfc*atesi^ 

2 3£Jffl»-r«5'J«2 8 ailT, 

5§^T*3Li:©T€*5>JiSjg2 1 i7x-X->7^- 
2 2 a:oa*^to*fcJ:0«»l*»i«#*»ott*JS 

[0 0 3 2] &MfeUn2 3T?EttL,fcS'J»2 8 b© 

*Jt»!8tlPI*K:*ffl«flEK:«««#tt*%)oT^*fc 

S4©x«#ffl<D0lEEFffiSSi*#ffi£U C©»^ 

Wi|i*!0' ££tel8 0° ©I^K:TMife©ttffi«flE«« 
*^<h^0 (£©P#. TEi£©£!tti!g5ffte8S<;&S) . 
£fci/>#9 0° *ifctt2 7 0° ©B#iCTMjS©^ti5^« 

-5) . **M«l©#^tJ±(ftm»2 4©^fl[fttt4 5* 

[0 0 3 3] 2 3 lcJHJ»r* 3 U &©« 

#J&#£8&#fi£#©ftfflSd£ (13) j£©J:5tC-£ 
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(1/2) cos -1 {-1. 
A= sin-1 (0. 9 6 3 2- 

U7>72 8£tf-LTf#£>*l-5&W§3 2 4<Dffi^(S^^ 
D-/U7^M-3 1 £ffl3®£-e-*ni&t^„ fflWi%.io 
<D&ffirftft E co t ^&SC 2 co COXSitJ&fl- E 2 co te^-ft-? 
tlA*>h*A7,7-i'JPrS'-3 2. 3 3T*t5uiA5Tt 

>^*ffl^TfeJ;^„ iSIgi2 6T(ii'JiI^ 
-OEffitfi£^E DC <h^^wc7)^tSt^«-E co tmWifk 2 

co co^^ e 2 co ©^-n^-'n c itm-r % & x t> 
u *<Dmt>ntzAJimnz®i^T a 5) sk^t 

&£&Afrt> (8) iC^SI-sttSISiS^jtMim* 

[0 0 3 4] ZOimiZ, iffltftTttS»5 U&COX* 

;u=p-^ste-r^fcij-T^sc>'A^aii^T'#sfca6, r 

mtmvwm<D&m¥-&T<DKM%&&M7£.v, z.<d& 
MWccoatett^oT«*&ft-rs^s^«v\ 
^s^a^t^s^scDsacD^v^aii^BtcDig 

sfcco^Tit *ttj« shies 

[0 0 3 5] ttEH£ttftf~ 2 3 KJSS*-r & $'JS 

2 8 aCD?£fatt£itSJ&&£8&t;:7>7 : -:>-2 5 
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